The number and size of plaques formed by the SAUKETT strain of poliovirus type 3 were enhanced in Yaba virus (YV)-infected cells. Similar enhancement occurred when Shope fibroma virus or a mutant strain of vaccinia virus was used instead of Yaba virus. Enhancement required at least 3 hr pre-infection and was greatest when cultures were pre-infected for 72 hr. An inoculum as small as 0"004 TCD 50/ cell was effective in enhancing poliovirus plaque number. Some characteristics of the enhancement by Yaba virus of plaque formation by Sindbis virus are also presented.
INTRODUCTION
Since the description by Kumagai et al. (I961) of the enhacement by hog cholera virus of the replication of Newcastle disease virus in swine testicular cells, stimulating interactions between viruses have been reported in several systems (Fennel 1968) . Kato, Okada & Ota (I965), Isaacs & Rotem (I966) , Chany & Brailovsky (1967) and Truden, Sigel & Dietrich (1967) reported that certain viruses induced the production in certain host systems of substances capable of suppressing the synthesis of interferon. The treatment of cells with such substances, present in the soluble fraction of infected cells, resulted in the enhanced replication of viruses. Tsuchiya & Tagaya (I 97o) reported that some super-infecting viruses produced larger and more numerous plaques in Yaba virus (YV)-infected JINET cells than in uninfected control cells. For some other viruses plaque formation was completely inhibited in cells preinfected by YV. The enhancing component present in Yaba virus suspensions was identified as the virus particle itself. We report the general characteristics of the enhancing phenomenon by YV using poliovirus as a super-infecting virus. The mechanism of enhancement is discussed in the following paper (Tsuchiya & Tagaya, 1972 ) . METHODS 
Cell cultures.
A cynomolgus monkey kidney cell line JINET (Tsuchiya, Takayama & Tagaya, 1969b) , an African green monkey kidney cell line VERO (Yasumura & Kawakita, 1963) , a rabbit kidney cell line SRK (Tsuchiya, Tagaya & Tsuruhara, 1969a) and primary cynomolgus monkey kidney cell cultures (pMK) were grown as previously described (Tsuchiya et al. 1969 a) . HeLa cells were grown in Eagle's minimal essential medium with I o bovine serum and o. 11 ~ sodium bicarbonate.
Viruses. Yaba virus was propagated and titrated in JINET cells as described previously (Tsuchiya et al. 1969 a) . In this cell system YV replicates with a latent period of less than 48 hr and maximal growth is observed 4 to 5 days after inoculation. YV-infected cells can be maintained for about 2 weeks in culture. The SAUKETT strain of poliovirus type 3 was also propagated in JINET cells. The Dis strain of vaccinia virus (Tagaya, Kitanmra & Sano, I960, which cannot multiply in JINET cells (unpublished) , was propagated and assayed in chorioallantoic membranes of II-to I2-day-old chick embryos. SRK cells were used for propagation and titration of the OA strain of Shope fibroma virus. Sindbis virus was propagated in JINET cells. Plaque assay of viruses. This has been described (Tsuchiya & Tagaya, I97O) .
RESULTS

Comparative titrations of SAU~:ETT and Sindbis viruses in JINET cells with and without pre-infection by YV
Cultures of JINET cells in 2 oz. bottles were inoculated with 1.5 TCD5o/cell of YV and incubated at 36o for 3 days. SAUrZETT virus was then assayed in replicate cultures of preinfected or control JINET cells. Plaques were easily discernible 2 days after inoculation on the pre-infected cells but not on the control cells. Forty times more plaques of × 3"5 greater diameter were observed on pre-infected cells than on control cells (Table I ). In a further experiment, SAUKETr virus was titrated in parallel in tube cultures of pre-infected and control JINET cells maintained in fluid medium. The conditions for pre-infection of cell cultures with YV are as above. The cytopathic effect of SAUKETT virus appeared earlier and was more severe in pre-infected cells. The final infectivity of the SAUKETT virus was x 32 higher in pre-infected cells (Fig. I) .
Similar experiments were made with Sindbis virus in control and Yaba virus-pre-infected JINET cells. Bottle and tube cultures were prepared as above. As shown previously (Tsuchiya & Tagaya, I97O) , Sindbis virus produced plaques only in the pre-infected cells. However, the virus produced clear c.p.e, in both pre-infected and normal cells in the fluid medium, although the rapidity and severity of c.p.e, were greater in the former. The infectivities of Sindbis virus obtained by the tube method in pre-infected and normal cells and by plaque assay in pre-infected cells (Table 2) 
Enhancing effect of poxviruses other than YV on plaque formation by SAUKETT virus
Dis, a mutant of vaccinia virus which cannot multiply in JINET cells, and Shope fibroma virus were examined for their ability to enhance SAUKETT virus plaques. Dis and Shope fibroma viruses were inoculated into JINET cell cultures at multiplicities of I or o.25 pk.f.u. and o.I TCD5o/cell, respectively, and the inoculated cultures were incubated at 36 ° for JINET cell YV-pre-infected Normal Increase 
Enhancement Of SAUKETT virus plaques by YV in cells other than JINET cells
Vero and pMK cultures were inoculated with YV at a multiplicity of I'5 TCD5o/cell and HeLa cultures at a multiplicity of I TCD5o/cell. After incubation at 360 for 2 days (HeLa cells) or 3 days (Vero and pMK cells), the infected cell cultures and uninfected control cultures were inoculated with dilutions of SAUKEa'T virus. The enhancing effect of YV was demonstrated in all cell cultures tested (Table 4) , although the extents of enhancement were different from that seen in YV-infected JINET cells. Plaque number and diameter were enhanced × 2. 7 and × 1.9 in Vero cells under the conditions in which these parameters were enhanced × 4o'o and × 3"5 (Table I) , respectively, in JINET cells. Only the plaque count was enhanced in pMK cells and only the plaque diameter in HeLa cells. 
Sequence of development of enhancement in JINET cells following YV infection
JINET cells were inoculated with YV at a multiplicity of 1"5 TCD5o/cell at various times before inoculation of SAUKETT virus. Plaques were counted 4 days after infection with the latter. Simultaneous inoculation of cells with YV and SAUKETT virus did not produce an increase in plaque count (Fig. 2) , and the plaque diameter was only slightly enhanced. Plaque number was enhanced in the cells inoculated with YV 3 hr prior to inoculation of SAUK~TT virus. The plaque count increased in proportion to the interval between preinfection of cells with YV and their challenge by poliovirus: this continued until a plateau was reached after pre-treatment for 72 hr. The plaque count for the super-infecting virus was then about × 4o higher in cells pre-infected with YV than in the control cells.
Relationship between concentration of YV and plaque number of SAUKETT virus
YV was diluted in four-fold steps and each dilution was inoculated into replicate cultures of JINET cells. After incubation at 360 for 2 days a lO -6 dilution of SAUKETT virus was inoculated into pre-infected and uninfected cells. There was a near linear relationship between the logarithm of the concentration of YV and the logarithm of the plaque count for SAUKETT virus (Fig. 3) -The relative YV concentration of I o24 approximated to I TCD 5o/cell. An input as small as o'oo4 TCD 5o/cell still enhanced the plaque count. Enhancement of plaque diameter was observed only when the multiplicity was over o.25 TCD5o/cell. The dose response relationship between Sindbis virus plaque count and the concentration of YV was similarly examined. The enhancement of Sindbis virus plaque formation (Table 5) was observed only when YV was inoculated at a multiplicity higher than about o. i TCD 5o/ cell and, once enhancement was observed, the plaque number was not as dependent on the multiplicity for YV as was the case for SAUKETT virus. 
DISCUSSION
The infectivity of SAUKETT virus was enhanced in YV-infected JINET cells; cells maintained in either fluid or agar medium showed almost the same enhancement (Table t ; Fig. 0 . On the other hand, Sindbis virus produced plaques only in pre-infected cells and the infectivity obtained by the plaque method in these cells was almost identical with those obtained in pie-infected or normal cells maintained in the fluid medium. Thus the enhancement of SAUKETT virus plaques may result from an increased number of infectious centres. The enhancement of plaque formation by Sindbis virus may be due to the recognition of infectious centres as plaques following pre-infection of cells with YV. For this system the number of infectious centres was not enhanced significantly in pre-infected cells ( Table 2) . Therefore the mechanisms of enhancement of these viruses by YV should be considered separately.
Our experiments show that strains of vaccinia virus and Shope fibroma virus also enhanced plaque formation by SAUKETT virus. This suggested that the enhancement of SAUKETT virus at least, may be a property common to the poxvirus group. Recently, Padgett & Walker (197o) also observed enhanced replication and plaque formation of some super-infecting viruses in rabbit cells persistently infected with Shope fibroma virus.
The fact that the Dis strain of vaccinia virus (Tagaya et al. I96I) , a host-dependent conditional lethal mutant, could enhance the plaque formation of SAUKETT virus in a host non-permissive for the mutant suggested that the complete growth cycle of poxviruses may not be necessary for enhancement. The enhancement of SAU~ZETT virus plaques by YV was not greatly affected by the presence of 2o/zg. ml. of cytosine arabinoside during pre-infection with YV and subsequent plaque formation by SAUKETT virus. This supports the suggestion that the complete growth cycle of the enhancing virus may not be necessary for enhancement. Simultaneous inoculation of YV and SAUKETT virus did not enhance plaque formation by the latter virus, although enhancement was observed when YV was inoculated 3 hr before SAUKETT virus inoculation. This suggests that certain changes may have to occur before SAUKETT virus is inoculated if enhancement is to take place in YV-infected cells.
As shown in Table 3 , the mode and degree of enhancement of SAUKETT virus by YV differed according to the cell type. In Veto cells, both number and diameters of plaques were enhanced, while only plaque number was enhanced in pMK cells. In HeLa cells the plaque diameter was enhanced but not the number. Thus the enhancement by YV of plaque number and diameter may be regulated by separate mechanisms.
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The plaque count for poliovirus was approximately proportional to the amount of YV used for pre-infection of cells. A YV dose as small as o'oo4 TCD5o/cell still enhanced the plaque number of SAUKETT virus. The actual number of YV particles participating in enhancement is uncertain because the ratio of physical to infective particles of YV is about lO 3 (Yuasa & Tagaya, 1969 ) and we do not know whether non-infectious particles can enhance.
The relationship between Sindbis virus plaque number and the amount of pre-infecting YV was distinct from that in the SAUKETT system. Although the number of Sindbis virus plaques increased when the dose of YV exceeded a certain level, the dependence of Sindbis virus plaque number of YV dose was much less than that for SAUKETT virus. In other words, the appearance of Sindbis virus plaques obeyed a rather clear ' all-or-none' law at a critical multiplicity of YV (Table 5 ). The proportion or density of YV-infected cells in a monolayer may be important for Sindbis virus to produce plaques. In this respect the mode of enhancement of plaque formation of this virus by YV is, again, different from that of SAUKETT virus because the enhancement of SAUKETT virus plaque number seems to be a result of an interaction between a single infecting virus and a single YV-infected cell (Tsuchiya & Tagaya, 1972) .
